Introduction.
We consider blow-up problems of the solutions of the Cauchy-Neumann problem [BE] .) In this paper we study the location of the blow-up set of the solutions $u_{D}$ for the Cauchy-Neumann problem (P) with large diffusion $D$ . Furthermore we give an estimate of the blow-up time of the solutions $u_{D}$ .
We denote by $T_{D}$ the supremum of all $\sigma$ such that the solution $uD$ of (P) Typeset by AktlIEK F. B. Weissler [W] first proved that some solutions blow up only at asingle point for the case $N=1$ . A. Friedman and B. McLeod [FM] proved similar results for more general domains under the Dirichlet boundary condition or the Robin boundary condition.
Subsequently, the blow-up sets of the blow-up solutions have been studied by various peoples. Among others, for the case $N=1$ , X. Y. Chen and H. Matano [CM] proved that the blow-up solution blows up at most at finite points in 0under the Dirichlet boundary condition or the Neumann boundary condition. Furthermore, for the case $N=1$ , F. Merle [16] proved that, for any given finite points $x_{1}$ , $\ldots$ , $xk\subset\Omega$ , there exists asolution whose blow-up set is exactly $\{x_{1}, \ldots, x_{k}\}$ . For the case $N\geq 2$ and $\Omega=R^{N}$ , Y. Giga and R.
V. Kohn [GK] proved that the blow-up set is bounded if the initial data decays at space infinity. Furthermore, J. J. L. Velazquez [24] proved that the $(n-1)$-dimensional Hausdorff measure of the blow-up set of nontrivial blow-up solution is bounded in compacts sets of $R^{N}$ . (For further results on the blow-up set, see [C] , [DL] , [L] , [Mz] ,
, [P] and references given there.) However, for the case $N\geq 2$ , it seems to be difficult to study the arrangement of the blow-up set without somewhat strong conditions on the initial data, even for the case that $\Omega$ is acylindrical domain.
Our main interest is to investigate the location of the blow-up set $B_{D}(\varphi)$ of the solutions of the Cauchy-Neumann problem (P) (P) We remark that the condition (1.2) holds for almost all initial data $\varphi$ physically. We may find the similar condition to (1.2) in the Rauch observation, which means that the hot spots of the solutions of the heat equation under the zero Neumann boundary condition move to the boundary, as $t$ $arrow\infty$ (see [BB] , [K] , and [R] ). According to the Rauch observation, Kawohl [K] . It is known that this conjecture holds for parallelepipeds, balls, annuli (see [K] ), and two dimensional, thin convex polygonal domain with certain symmetry (see [BB] $)$ . Furthermore, Burdzy and Werner [BW] gives an example of non-convex domain
The remainder of paper is organized as follows. In Section 2we give the outline of the proof of Theorems Aand B. In Section 3we give the outline of the proof of Theorem c.
2. Outline of the proof of Theorems Aand B.
Proof of Theorem A. Let G be the Green function of where $x=x(t)$ is the solution of the ordinary differential equation Proposition 2.3. Let $u_{D}$ be a solution of (P) under the condition (1.1). Then there exist constants C and
By Proposition 2.1, we may prove the monotonicity of the solution $u_{D}$ in the variable $x_{N}$ for some time.
Proposition 2.4. Let $u_{D}$ be a solution of (P) We are ready to complete the proof of Theorem B. We prove Theorem Aby applying the arguments of [C] and [FM] 
We define an energy of the solutions $u_{D}$ of (P) as follows: , satisfying $\{\begin{array}{l}\partial_{t}h_{\epsilon}=\Delta_{x}h\mathrm{i}\mathrm{n}\Omega\cross(\epsilon,\infty)\frac{\partial h}{\partial\nu_{x}}=-\frac{\partial}{\partial\nu_{x}}\Gamma(x,y\cdot.\mathrm{t})\mathrm{o}\mathrm{n}\partial\Omega\cross(\epsilon,\infty)h_{\epsilon}(x,y,t)=0\mathrm{i}\mathrm{n}\Omega\cross[0,\epsilon]\end{array}$ Put $G_{\epsilon}(x, y,t)=\Gamma(x,y, t)+h_{\epsilon}(x,y,t)$ . Then $G_{\epsilon}$ satisfies $\{\begin{array}{l}\partial_{t}G_{\epsilon}(x,y,\mathrm{t})=\Delta_{x}G_{\epsilon}(x,y,t)\mathrm{i}\mathrm{n}\Omega\cross(\epsilon,\infty)\frac{\partial}{\partial\nu_{x}}G_{\epsilon}(x,y,t)=0\mathrm{o}\mathrm{n}\partial\Omega\cross(\epsilon,\infty)G_{\epsilon}(x,y,\mathrm{t})=\Gamma(x,y,t)\mathrm{i}\mathrm{n}\Omega\cross[0,\epsilon]\end{array}$ for all $y\in\Omega$ . By using the function $G_{\epsilon}$ , we modify the energy of the solution $u_{D}$ introduced by [P] , and define an energy $F_{d}^{\epsilon}(b, T:t)$ as follows:
$F_{D}^{\epsilon}(b, T_{D} : t)$ $=(T_{D}-t)^{B^{1}} \mathrm{p}-1\int_{\Omega}(\frac{D}{2}|\nabla u_{D}|^{2}-\frac{1}{p+1}u_{D}^{p})G_{\epsilon}(x, b:D(T_{D}-t))dx$ $+ \frac{1}{2(p-1)}(T_{D}-t)^{arrow p-}\int_{\Omega}u_{D}^{2}G_{\epsilon}(x, b:D(T_{D}-t))dx$ .
